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METHOD OF DETECTING TUMORS CONTAINING 
COMPLEXES OF P53 AND HSP70 
This invention was made with Govennnent: support 
under NCI Grant 1 F32 CA08899-01. The Govemnent has 
certain rights to this invention. 

Related AppHcaHnhs 

V ^ ^ This application is a cbntinuatioh-in-part of 

. c^ypending (plication Serial Number 07/869,292/ filed 14 
April 1992, the disclosure of i^cbi is tp be incorporate^ 
herein by reference. 

Fielciofthelnveniion 
The psresent invention relates tb the finding 
that the class of xmtant p53 proteins irtiich bind to BSF7d 
defines a group of sntant p53 proteins which elicit serua 
autoantibodies. 

BackcMOund of the Irwentinn 
Mutations in the p53 tumor suppressor gene are 
found at a high frequency in a wide variety of primary 
hunan cancers, see, e.g., m. Hollstein et al., science 
253, 49-53 (1991). Breast cancer is typical of human 
carcinomas with respect to p53 involvement, and it has 
been r^rted that approximately io% of breast cancer 
patients have circulating antibodies directed against the 
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p53 protein* i»* Cravford i&l:. ea. , Xnt*. .T* Cancer 30, 
V:y 403^408 (3S82>« The diagnostic significance of 
^ circalatlng p.53 antibodies bas, however, been uncertain: 
: ' It has sctbsegaentlir been found that 21% of patients vltb 
5 benign TseaamaxY fibroadenomas show elevated levels of the 
p53 protein in tumor tissue samples, and that more than 
half of patients with . serum p53 antibodies show no 
elevation of the p$3 protein in tumor tissue. L. 
Crawford et al», ifol. Biol. ITed. 2, 261-272 (1984). 

10 Summarv of the tnventtbn 

In tbe study leading to the present invention, 

• 

p53 immonogenicity; was examined in breast cancer patients 
with particular regard to the ^jnpe.of p53 mutant being 
eagciressed by tmnor . cells and the ability of these 

15 . proteins to bind the 70 kd heat shock protein- As 
discussed in detail below, we have now found that the 
class of mutant p53 proteins ^rtiich bind to HSP70 defines 
a graap of mutant p53 proteins which elicit serum 
autoantibodies.. Because p53 proteins ^ich bind HSP70 

20 tend to be more tumorig^u:c, see P. Hixids et al* , Coll 
Growth Differ. 1, 571-580 (1990); d. Halevy et al., 
Scl&Kse 250, 113-116 (1990) , this finding provides a way 
to use serum p53 auto antibodies for the diagnosis and 
prognosis of disease* 

25 In view of the foregoing, a- first aspect or the 

present invention Is a method of dassifyihg tumor cells 
for the ability to produce serum pS3 autoantibodies in a 
patient carrying such tumor cells* The method comprises 
collecting a saa^le of tuiK>r cells trom the patient, and 

30 then detecting (e.g. , by coimmunoprecipitation) the 
. presence of a con^lex of the p53 protein and a 70 
kilodalton heal: shock protein (bsp70)..in the tumor cells. 
The presence of this complex indicates that the tumor 
cells are capable of eliciting serum p53 autoantibodies 

35 in the patient. Jn one endbodiment, the tumor c^ls are 
ccmtained .within a tumor (e^g* , a primary tumor) , and tbe 
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detecjting step is carried out concurrently with the step 
of reeving, the timor from the patient; in another 
enbodiment, the tumor cells are contained within a tumor 
(e.g., a primary tumor), and the detecting step is 
5 followed by the step of removing the tumor from the 
patient. The step of removing the tumor from the patient 
may optionally be followed by the step of detecting the 
appearance of serum p53 autoantibodies in the patient, 
the appearance of said autoantibodies indicating the 

10 growth or presence of the tumor cells in the patient. 

A second aspect of the present invention is a 
method of detecting tumor cells expressing a mutant p53 
protein capable of forming a complex with a 70 kilodalton 
* heat shock protein (hsjpTO) . The method coiiq;»rises 

15 collecting a senile of biological fluid from the patient, 
and then detecting p53 autoantibodies in the biological 
fluid, the presence of p53 autoantibodies in the 
biological fluid indicating the tumor cells express a 
mutant p53 protein capsule of forming a complex with 

20 hsp70. 

A third aspect op the present invention is a 
method of distinguishing tinnor cells capable of causing 
a more aggressive disease in a patient carrying the tumor 
cells. The method comprises collecting a sample of a 
25 biological fluid from the patient, and then detecting p53 
autoantibodies in the biological fluid, the presence of 
p53 autoantibodies in the biological fluid indicating the 
tumor cells are capable of causing a more aggressive 
disease. 

30 A fourth aspect of the present invention is a 

method of monitoring a patient for the recurrence of 
disease in a patient previously diagnosed as carrying 
tumor cells, and ^ich patient has previously undergone 
treatment to reduce the number of said tumor cells. The 

35 method comprises collecting a sample of biological fluid 
from the patient, and then detect jjig p53 autoantibodies 
in the biological fluid, the presence of p53 
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autoantibodies in the biological fluid indicating that 
the nusiber of the tumor cells in the {mtient has 
increased. - Typically, the treatment referred to is one 
effective to reduce tbB amount of p53 autoantibodies in 
5 the biological fluids and the tumor cells expr^&s a 
mutant p53 protein capable of forming a complex vith a 7b 
kilodalton heat shock protein in said cells. The 
detecting step may be repeated on. a plurality of 
occasions to provide continued monitoring for the 

10 recusnrence of disease. The method may optionally further 
conprise the step of detecting p53 autoantibodies in the 
patient prior to the treatments 

A f ift^ aspect of the present, invention is a 
prognostic method for detecting aggressive disease in a 

15 patient not previously diagnosed as carrying tumor cells. 
• The method cottprises collecting a sanple of biological 
fluid from the patient, and then detecting p53 
autoantibodies in the biological fluid. The presence of 
p53 autoantibodies in the biological fluid indicates that 

20 the patient harbors tumor cells idiich are more 
aggressive. . * 

A sixth aspect of the present invention is a 
diagnostic method for detecting cancer in a patient. The 
method comprises collecting a sample of biological fluid 

25 tram the patient, and t}ien detecting p53 autoantibodies 
in the biological fluid. The presence of p53 
autoantibodies in the biological fluidi indicates that the 
patient har]x>rs tumor cells^ 

The foregoing and other object? and aspects of 

30 the present invention are explained in det2dJ. in the 
drawings herein and the specification set forth below. 

Brief Descrtotfon of the Dravw^ 
Figure X ^dws. the screening of sera from 
patients with breeist cancer for antl*p53 - antibodies. 
35 I^nmunoprecipitation of metabolically labeled. ' protein 
extracts from the breast cancer cell line, Br-20, with; * 
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PAblSdl; normal human serum (nl) ; sl5 is from a breast 
cancer patient vhose tumor did not overea^ress p53 
protein; 57-AllA is from a paitient with other (undefined) 
anti-nuclear antibodies; sll, 833, s7, 845, s39, s50, and 
5 s56 axB from breast cancer patients irtiose tumors 
expressed high levels of mutant p53 protein. 

Figure 2 shows the recovery of wild-type and 
a variety of mutant p53 proteins with sera from breast 
cancer patient sll. All seven antibody-positive sera 
10 recognized this panel of diverse p53 proteins, in 
addition to wild-type murine p53 from HIH3T3 cells (data 
not shown} • 

Figure 3 shows the co-immunoprecipitation of 
p53 and HSF70 only in tumors from patients with anti-p53 

15 antibodies. Protein extracts from tumor tissues were 
immunoprecipitated with an anti-p53 antibody (P) or anti*^ 
HSP70 antibody (H) and then probed with (A) rabbit anti- 
: HSP70 sera cmd (B) PAblSGl^ 

Figure 4 shows the results of the primary assay 

20 in the enzyme ipmninoassay format : to detect the presence 
of. p53 autoantibodies in sentp; : samples from normal 
people, and patients with colon c^cer, lung cancer, and 
breast cancer, respectively. The 0.427 units/ml cutoff 
value is also shown. 

25 Figure 5 shows the results of the confirmatory 

assay in the enzyme immunoassay format for confirming the 
presence of p53 autoantibodies from six serum specimens. 
"Ca" denosts cancer and "ADTOAB** denotes autoantibodies. 

DetaBed De scription of the Invention 
3^ The method disclosed herein may be employed 

with patients suspected of carrying cancer (including, 
but not limited to, cancers of both endothelial and 
epithelial origin such as colo-rectal, lung, breast, or 
ovarian cancer tumor ceils) , particularly breast cancer, 
35 and may be employed both to monitor patients who have 
been previously diagnosed as carrying cancer (including 
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patieirts ^silio have uxidezgone treatment for the cancer) and 
to screen patients %Aiq ha^re not been previously diagnosed 
as carrying cancer. Patl^ts. are typically hunah males 
and females, though veterinary applications for- the 
5 present invention (i^e.^ in the treatment of dogs, cats, 
horses, etc.) are also contemplated. Where previous 
diagnosis is carried out, tiie diagnosis is typiccilly 
throu^ the identification of a mass upon palpation, 
radiological diagnosis, cytology, or the detection of a 
10 humoral marker. Treatment of the cancer is typically 
through cftoreductive surgery, through administration of 
antineoplastic agents, or combinations thereof such as 
cytoreductive siwgexy f ollotted by treatment with 
antineoplastic agents^ 
15 . As noted above,, the present invention can be 

used for diagnosing whether a patient has cancer, and 
wheter it is a more aggressive form of cancer. The 
present invention also provides a method f or isubseguent 
monitoring of a patient for tumor recurrence. In 
20 patients bearing cancers that express mutant p53 
proteins, an antibody re^^nse to the p53 protein is 
somatiiBes induced. -l^on- removal of the tumor, 'Uie 
antibody response regresses. In cases where the patient 
forms a tumor at a secondary site, i.e., a metiastasis, 
25 the antibody response reappears. This antibody response' 
is specific for patients bearing tumors that contain p53 
mutations. Therefore, by espying for the presence of 
the p53 antibodies, the presence or absence of the tumor 
can be determined. However, only a subset of p53 mutant 
30 proteins induce this immune response. This subset has 
now been identified as those p53 mutant proteins that can 
form stable complexes wi*^ h^p70« ^Oie presence of this 
complex' can be assayed in primary tumor tissue, by means 
such as coimmnnpprecipitation with antibodies to p53 and 
35 hsp70. Therefore, with a sample of the primary tumor 
tissue, it can be pi^edicted which patients ViXX mount an 
antibody response to p53. This is useful if the primary 
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tumor is too small to efficiently induce the response or 
the patient has been pretreated with cihemotherapy or 
radiation which has obliterated or obscured the iiminine 
response* When the patient has recovered their iamnine 
5 response and uix>n tumor recurrence, they would be 
expected to mount an immune response ^Ich can be readily 
assayed. Also, an immune response which can be assayed 
would occur when the primary tumor has grown to a size 
sufficient to cause an immune response, such is also the 

10 case where secondary or metastasized tumors cause an 
immune response, as in the case of a relapse'. If the 
p53/hsp70 complex is detected in the primary tumor, ^e 
patient would be monitored for the appearance of a p53 
antibody response which would signal tumor recurrence. 

15 The phrase "more aggressive disease" as used 

herein refers to (a) disease which arises from cancer 
cells which grow rapidly; (b) disease which arises from 
cancer cells v^lch undergo rapid metastasis ; and (c) 
= dise^ for which there is a high probability of 

20 recurrence after treatment. 

Samples taken from patients for use in the 
detecting steps described herein are generally biological 
fluids such as serum, blood plasma, or ascites fluid. 
Serum and blood plasma, pEurticularly serum, is preferred. 

25 The patient need not bi& one currently harboring tixmor 
cells, as autoantibodies may be expected to remain in a 
patient for some time after all cells which generated 
such antibodies have been r^noved before eventually 
dissipating. 

30 Wh^e samples are taken from a patient for the 

. purpose of detecting the recurrence of disease, the 
saaipies are preferably taken at a time after the 
treatment (surgical, dbemical, etc.) sufficient in 
duration for residual autoantibodies to have dissipated. 

35 In general the collecting step is carried out at least 
six weeks after the treatment, but may be carried out 
three months, six months, or even one year after the 
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treatment: (vhere the trc^t^iD^xt involves a c?d of 
treatnents, sucb as a coarse of dbemothera^,. this time 
is measured from the last occureiice thereof). Such 
samples may be collected from the patient periodically^ 
5 on several occasions, to provide continued monitoring for 
the recurrence of disease* llbe time period between 
taking such samples vill vary depending on the type and 
status of disease! typically, saioples are collected at 
intervals of from six months to piie yecur, but when the 

10 patient has undergone treatment for advanced cancer, the 
interval between collection may be about 3 months. 
Subsequent treatment regimes may, if desired, be 
initiated ^ile the monitoring program initiated with the 
previous treatment is still lading carried out. 

15 Xhe step of detecting p53 autoantibodies in the 

sample of biological fluid may be carried out in 
accordance with ]cnown techniques, ^ee^. e*.g^, Ir. Crawford 
etal*, Xnt. J'* Cancer 30, 403-408 (1982> P L. Crawford et 
al., Ifol. Biol^ Med. 2, 261-272 (1984) . Examples of 

20 suitable assays include radioimmunoassay, 
imoBonof luorescence assays, enzyme-lihlced imooiunoassays, 
and the like. Those skilled in the art will be familiar 
with numerous specific immonoassay formats and varia1:icms 
thereof ^dttcti may be useful for carrying out the method 

25 disclosed herein. . . Sea g&oerally B. . Ifaggio, 
aiayme-rrnimmoassay, (1980.) (CSC Press, Zmx. , Boca Raton, 
FL). 

The present invention is ejqplained in greater 
detail in the following examples. The . examples show, 

3d among other things, that (1) mutant p53 proteins which 
bind HSP70 elicit serum autoantibodies; (2) conversely, 
the presence of anti-p&3 autoantibodies reflects the 
presence of a p53 mutation wbicdi binds h^70; (3) the 
presence, of an * anti^p53 autoantibody therefore 

35 est^li^es the presence of a growth within the body of 
a subject; idiich produces an hsp70-binding mutant p53; (4) 
detection of an anti-p53 autoantibody can be used to 
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determine the class of p53 mutant producied within the 
body; (5) detection of an anti-^p53 autoantibody will 
determine that a. groirth someirtiere in the body is 
cancerous and is producing an hsp70*binding p53 mutant 
5 protein; and (6) detection of p53 autoantibody indicates 
a more aggressive tumor. In example 1, Jack ICeene, Eric 
Winer and Robert Bast of Duke University, Durham, North 
Carolina, supplied patient sera. Temperatures are given 
in degrees Centigrade unless otherwise indicated. 

10 EXAMPLE 1 

!• laOERLhL MO) MEVBODS 

Tissue, Pieces from breast biopsies and 
mastectomies performed at Diike Univeirsity Medical Center 
. were collected after surgical removal, immediately flash 

15 frozen, and stored at -120 *C. Specimens from sixty 
patients whose tumors were diagnosed as primary invasive 
breast carcinoma by a member of the Department of 
Pathology were studied. ^Thirty of these tumors had been 
shown, by immunohistochemical analysis, to overexpress 

20 the p53 protein, while thirty expressed normal, low 
levels of the protein. 

Cell lines. The established cell lines HBLIOO, 
BT-20, BIV474, T47D and HDA-MB-468 were obtained from the 
American Type culture Collection. BBLIOO is an SV40- 

25 transformed humzm breast epithelial cell line whi^ 
e:q>resses wild-type p53 (24); BT20, BT474, T47D and MDA- 
IIB-468 are human breast cancer-derived cell lines that 
express p53 proteins with mutations at codons 132, 235, 
194, and 273 respectively, see J. Nigro et al., Nature 

30 342, 705-708 (1989); J. Bartek et al.. Oncogene 5, 
893-899 (1990). The 13 cell line, obtained from Dr. 
Cathy A. Finlay (Department of Molecular Biology, 
Princeton University), is a rat embryo f ibiroblast - line 
immortalized by tlie murine mutant p53 clone nCRcG-val^. 

35 p. Hinds et al., J. Virol. 63, 739-746 (1989).' Cells 
were grown at 37 *c in RPHI 1640 supplemented with bovine 
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iBSulin (10 /un/]al>ir glutamine (300mg/L) » and 10% fetal 
calf serum* normal human mammary epltheliai cells (BMEC) 
were collected folloving reduction mammopleisties and 
maintained in short term culture in accordance with 
5 staidard techniques* Sem V. Band S R» Sager, Proc. Natl^ 
Acad. Sc±. USA se, 1249-1253 (1989) . 

^ii#^4>w^A't<>«^ Serum from patients with primary, 
invasive breast cancer was. obtained at the time of 
diagnosis and stored at --20 •^C. PAbiaOl (Ab-2, Oncogene 

10 Science) is a murine anti-p53 monoclonea antibody which 
reacts specifically with hvnaan p53 at an epitope between 
amino acids 32 and 79. Banks et aX» , Star. Biocbem. 
159 , 529-534 (19B6) . PAb421 isf a murine anti-p53 
monoclonal antibody which ireacts with an epitope of 

15 manmalian p53 between amino acids 370 and 378, A. Wade- 
Byans & J. Jenkins, J5MBO J. 4, (S99-706 (1985) , and is 
produced by a h^^ridoma cell line obtained from Dr. 
Arnold J. Levine (l>epai±ii^t of Ifolecular Biology, 
Princeton university) . HSF72/73 (Ab-1, Oncogene Science) 

20 is a murine monocloiml antibody xdiich reacts with HSP76 
proteins in mammalian cells (clone W27, E. Haurlow) . 
Rabbit antiserum directed . against human C-terminal 
epitopes representing the last 21 amino acids of at least 
the hsc70 and h^70 meanbers of the heat shock protein 

25 family, Philip Hinds et al., Jfol. Ciali Biol. 7, 2863-2869 
(1987), was obtained, from Dr. P. Hinds (Department of 
Ifolecular Biology, Whitehead Institute) * TA«1, an anti- 
BER2/nett murine XgGi monodonal antibody (DuPont) , normal 
human serum, and serum from fifteen patients with anti- 

30 nuclear antibodies associated with autoimmune disorders 
(obtained from I^. J. D» Keene, Department of 
Microbiology, Duke Dniversity) were used as control 
antibodies. 

Sequence analysis. Segu^cing of the highly 
35 conserved region of the p53 gene from BiRllA was. performed 
in . accordance with known tedhniques. . Sbb^ e.g., A. 
Davidoff et al.^ froc. ATati. Acad. Sci. USA SB, 5006-5010 
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(1991)/ BrieflYr 1 Mg of total RNA was used as a 
teniplate for p53 first strand cDNA synthesis by koLV 
reverse transcriptase (Bethesda Research Lab) using ah 
anti-sense oligonucleotide from exon 10 as a priiner. 
5 Bxons 4 throu^ 10 were then amplified using the 
polynerase chain reaction by adding an oligo primer from 
exon 4 and Tag DNA polymerase (Promega) • The 712 bp 
product of this reaction was gel purified, reamplified, 
and purified again by filtration through a Sepharose CL- 
IO 6B (Pha3niiacia) spin column, ethanol precipitated, and 
resolubilized in water* This material was the ten^late 
for dideo3cy sequencing using Sequenase 2 . 0 (United States . 
Biochemical)* Oligonucleotides flanking each of th^* 
exons 5, 6, 7 and 8 were used to prime the reactions 
15 whicdi were performed by first boiling the primer-tenq^late 
mix, labeling on ice for ID min with ^P-dATP and then 
running the termination reactions at 45 *C for ,10 min. 
The products were electrophoresed on a polyabrylamide gel 
^ich was then soaked in 10% acetic acid/12% methanol, 
20 dried and set with Kodak XAR film. 

. TiMMi^ii^p ^cipitatioii. Cell lines weire 

metabolically labelled with 50 MCi/ml ^s-methionine 
(Amersham) for 2 h. At the end of the labelling period, 
cells were scraped, homogenized in lysis buffer (50 mM 
25 Tris, 5 inM SDIA, 150 mK NaCl, 0.5% NP40, 1 niM FMSF) and 
then sonicated for 10 sec at 5 W/S. The supematants 
were collected following centrifUgation at 100,poog and 
preadsoi^d with protein G-Sepharose (Pharmacia) for i 
hour at 4*C. Supematants were collected following 
30 centrifugation at I2,000g and incorporation was 
guantitated by trichloroacetic acid (TCA) precipitation. 
Xmmunoprecipitation of p53 was performed from 5 x 10* TCA 
precipitable counts from each cell line. The lysates 
were Incubated at 4*C for 1 h with 1 fkl of human serum or 
35 0«1 |tg of a monoclonal antibody and the immune conqplexes 
were then bound with 20 fil protein 6-Sepharose' (4*C, 2 
h) . The Sepharose was washed three times with lysis 
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buffer and the sanpXe^ were denatixresd bjf bbfUing for- 5 
mimxte:^ in ah eqoal volume of SDS-loading buffer (100 iiM 
Tris pH » 6^8/ 4% SOS, 0»2% brcQKiphenol blue, 20% 
glycerol, 50 stf ^-4IE) and loaded onto a 10% SDS-* 
5 polya«5rylamide gel. Folloving electrqpboresis of the 
saaq^les, the protein was transferred to a nitrocellulose 
meinbxrane (Schleicher and Schuell) by electroblotting at 
40(mA for 2 h^ The i&enibrane was dried and set with Kodak 
XAR film ovemi^t« 

la TiiwMmftfc ibi:tincr>. Protein extraction ftrom 

unlabeled cell pellets and frozen tissues vas performed 
as described above ^cept that, tissues were homogenised 
using a Polytron (Brihkman) • 250 Mg of unlabeled totai 
protein (2 mg for HMEC and HIH3T3 cells) was reacted with 

15 patient: sera or monoclonal antibodies, the recovered 
protein electrophoresed- on an SDS-polyacrylamide gel and 
then transferred to a nitrocellulose membrane also as 
described above. Xhe menibrane was then treated in a 
blocking solution (3% bovine serum albumin (BSA) , 0*2% 
: id ^een 20, 0.02% sodium azide and IdqM sodium iodide in 
phosphate-buff »ed saline [PBS]) overnight and probed for 
90 min aH 37^C with PAb 421 supernatant diluted 1^3 in 5% 
BSA. After washing^ with PBS, tibe Idot was probed with 
biotiiqrI>a^ted F(ab')2~ goal: anti-mouse sera (Tago) in 5 ml 

25 5% BSA for 1 h. following a final wash in VBS, antibody 
binding was visualised with an avidin con:)ugated 
imnunoperoacidase detection system (Vector) • . 

^lUffT^^ ^g^cipj^^io^^* Coimmnnoprecipitatlon 
of p53 and HSP70 in. tumors from patients with primary 

30 . invasive breast cancer was pearformed by first reacting 
protein eactracts (250 ftg) fro m tumor tissues with either 
an anti-p53 cUitiboG^ or €mti*-HSP70 antibody. Fbur 
imnunoprecipitation reactions, .. two with each antibody, 
were performed on protein extracts frcna each tissue. For 

35 detecting HSF70 in the complex, immunoprecipitation was 
performed with O.l fig . of the murine monoclonal 
antibodies, P&blSpl and HSP72/77. For detecting 
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cca^pleieed p53^ immunoprecipitatton was performed with one 
of the human anti-p53 antlsera, sil, and the irabbit knti— 
HSP70 antiserum. These immunoprecipitates were 

electrophoresed and blotted as described above. Probing 
5 for HSF70 was performed with 10 nl rsO^bit anti-HSP70 sera 
in 5% BSA. Probing for p53 was performed with 1.0 /ig 
PAblSOl. Heterologous species antisera were used for 
these immunoprecipitations since the mouse monoclonals 
themselves are detected as »50 kd proteins with the 
10 biotinylated goat anti-mouse IgG detection system. 
Binding was detected with biotinylated goat anti-rabbit 
(Vector) or anti-mouse as appropriate; visualization was 
again performed with an immunoperoxidase detection 
system. 

15 XX. BBSULTS 

Detection og antt-^osa antibodies. Sera 
collected in the perioperative period from 30 patients 
whose breast csmcer e3q>ressed high levels of p53 cuid 30 
patients whose tumor expressed undetectable p53 protein 

20 were screened for the presence of anti-p53 antibodies. 
1 Ml of each serum was reacted with metabolically labeled 
protein lysate from the established human breast cancer 
cell line BT20. Olbis cell line e3q;>resses high levels of 
a p52 protein harboring a mutation at codon 132. See J. 

25 Bartek et al.. Oncogene 5^ 893-899 (1990). Sera from 
seven patients with tumors that overexpressed p53 
contained antibodies that immunqprecipitated a 53 kd 
protein which co-migrated with p53 immunoprecipitated 
with the monoclonal antibody, PAblSOl (Figure i) . 

30 Dilutional analysis of these sera showed >10-fold 
variation in their reactivity, with the strongest ones 
comparable to the immunoglobulin affinity-purified 
pABlSOl. No band corresponding to a protein of this 
molecular weight was immunoprecipitated by any of the 

35 sera from patients with p53-negative tumors, in addition 
no 53 kd protein was recovered from the BT20 lysate with 
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sera from 15 patients with autpimmnne disorders who were 
known to have antl-nnplear antibodies. 

ImiaunbbXotting was performed in order to 
confirm tbat each of these s^en sera recognized the p53 
5 oncogene. Unlabeled protein extracts were 

immonoprecipitated with each sera, electrophoresed, 
transferred to a solid siq>port, and then probed with 
FAb421. . The specific recovery of a 53 led protein 
detected by the p53 monoclonsil antibody in each case 

10 confirmed the identity of the immonoprecipitated protein 
(Vigaxe Z} • Immunqprecipitation £rom different 
establi^ed human and mturine pell lines revealed that 
each of tiie antisera recognized a wide range of p53 
proteins^ both mqtant and wild-type (Fig« 2). 

15 psa m:Qtotion3 correlate il.Tf^lt*^ T?*» ponse> 

Several posfsibilities could explain why only a subset of 
breast cancers expressing mutant p53 proteins elicit p53 
antibodies. The amount of mutant protein may be highly 
variable and, after cell death, attain immunogenicity 

20 only in those tumors with hi^ levels. However, by 
immunohistochemistry no ma:}or differences in the levels 
of p53 esqpression were observed in these tumors (data not 
shown) • Alternatively, cmly certain mfdtant p53 proteins 
may be ismnmogenic eireh though the antibodies themselves 

25 are not mutant specific^ To test this, direct, sequencing 
of PGR Amplified p53 CDNA vas performed from 15 breast 
cancers overeiqsressing the protein* in each case, a 
mutaticm vas found in a highly conserved region of the 
gene ^diich altered the coding sequence of the protein 

3D (Table 1). A generally consistent clustering of these 
mutations was observed: Bach patients who had not mounted 
an antibo^ re^mnse to p53 had a tumor that contained a 
mutation in exoxis 7 or 8 of the p53 gene* Conversely; 
five of seven * patients lidio were antibody-positive had 

35 tumors with mutations in * exons 5 pr"'6» Che two 
exertions were patients 33 and 45. Their tumors 
contained mutations ^at coddns 275 (exon B) and 238 (exon 
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7) yet the patients mounted etrong ismnme responses. In 
both cases, the mutations changed a cysteine residue that 
might be predicted to alter the long-range tertiary 
structure of the protein • 



5 TAKJBl 

Cbaractedzatioa of Mutant pS3 Proteiiis^th Respect to 
Tbe Site ofOeo& Mvtatkxn, Immimogciiid^; and tbe 
AbOiqr to Cbmplexwith HS^ in 15 Bieast CanocKS 



1 


Patient 


Gene Mutation 
SeqnenoB . (Gbdcm 
(AminoAdd) eason) 


Antl-pS3 
Antibodies 


HSP 
Binding 


Id 


7 


TATOO -> TGT(C) 


205(6) 


+ 


+ 




11 


TAC(Y) -> TOC(C) 


163(5) 


+ 






33 


TGTXC) -> GCIXR) 


275(8) 


+ 


+ 




• 39 


COC(R) -> CAC(H) 


175(5) 


+ 


+ 1 






TGTXC) -xxnxR) 


238(7) 


+ 


+ 1 


15 ■ . 


• 50 


Detetion 


174-181^ 


+ 






56 


CGC(R) -> CAC(H) 


175 (5) 


+ 


+ 1 




3 


CCIXP) -> GCIXA) 


278(^0 








12 


CXyTCR) -> TGIXQ 


273(8) 








13 


CGG(R) -> CAG(Q) 


248(7) 






20 


17 


CXK}(R) -> CrG(L) 


282^ 








24 


ATC(I) -> AAC(N) 


254(7) 








43 


ATO(M)->ATA(I) 


237(7) 








55 


TAOCY)~>TGC(C) 


234 (7) 








& 


GGC(0) -> GAOP) 


245(7) 







25 Mutant protelna that Indace an antibody 

respons e *;^7Pip \« with H8P70> A similar clustering is 
evident in the human and marine mutant p53 proteins that 
have been analyzed for heat shock binding in tissue 
culture cells. p53 proteins containing mutations in exon 

30 5 bind to a 70 kd heat shock protein while several 
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proteins vltb lautations located in &xon 8 fail to 
' conplex* 5ee P. Hinds et al.. Cell. Groirtb DlffBr. X, 
571*-580 (1990); O. Halevy et al*, Science 250, 113-116 
(1990) ^ Given the possible fimction of an HSP70 in 
5 antigen presentation, it was of interest to determine 
idxetlier tlie ianBunogenic p53 inatants formed complexes with 
this heat shock: protein in irivo. Protein extracts friam 
14 of the 15 tumors, containing p53 mutations were 
immunoprecipitated with anti-p53 and smti-heat shocic 
. IQ antihodies« After blotting, separate membranes were 
probed with anti-p53 and heat shock, antibodies in order 
to detect co-precipitation of these proteins. Tomor • 
tissue from all . seven patients with circulating ; pSr3 
antibodies contained co-^precipitating p53 and 70 kd heat 
15 shock proteins (Figure 3) • . Conversely, no p53/h^t shock 
protein couBplexes i^esre. detected, in tissues from the seven 
patients lacking detectable p53 antibodies ev^ though 
levels of both p53 and HSP70 pddppairable to the^ antibody- 
positive tissues were presents So,, it does not a^ear to 
20 be an absence of either p53 or HSP70 that explains the 
lack of the coiqilex. Since there are several species of 
70 kd heat shoc^ protein (i.e. , hsp, hsc, and hsx) that 
are not distinguished using these antisera, it' is 
possible that tissnes which lack the complex do not 
25 synthesize the appropriate member of the heat shock 
protein family. Howev^, different mutants have been 
shown, in icodent fibroblasts, to have different intrinsic 
abilities to complex with hs€^0, see P» Hincts et al., 
supra; O. Halevy et al,, sapra^ suggesting that a 
30 property intrinsic to p53 is responsible for complex 
formation in these breast C2uicers» 

The findings in this study suggest a method for 
discriminating two classes of p53 ncutations in human 
tumors* Several lines of evidence si^>port the idea that 
35 this laay be a functionally Isq^rtant way to categorise, 
mtutations. p53 mnxtations that bind h^t shocX' protein 
are more potent dominant transf<nniiing genes in 



wo 93/21529 



PCTA)S93/02831 



-17- 

con junction with ras^ . P. Hinds et .al.. Cell Grcnrtb 
Differ. 1, 571-580 (199Q) . It is possible that the heat 
shock protein/p53 complex facilitates pSS-mediated 
transtormation by sequestration of the wild-type tumor 
5 suppressor protein, periiaps more avidly than mutant p53 
proteins that fail to complex with heat shock. There 
also appears to be a difference in the ability of mutant 
p53 proteins to function in transcriptional activation. 
A GAL4/P53 fusion protein ccmtaining a mutation at codon 
10 273 (human) retains this function while a vutation at 
codon 135 (murine) destroys the ability to transactivate 
a 6AL4 target sequence. L. Raycroft et al.. Science 249, 
1049-1051 (1990); S. Fields & S. Jang, Science 249, 1046- 
1049 (1990). 

15 The difference between HSP-binding and - 

nonbinding p53 mutants in their ability to transform 
fibroblasts may, however, support the belief that 
irihcarited p53 mutations found in patients with Li- 
Firaumeni syndrome result in less iK>tent oncogenes • These 
- 20 mutaticn&s appear to cluster around codon 250 of; the p53 , 
gene (S. Srivastava et al., Nature 34B, 747 (1990) ; D. 
M^Okin et al.. Science 250, 1233 (1990)),^ and would 
therefore be predicted not to bind HSP and, perhaps, to 
be less oncogenic. Patient 63 from this study contained 
25 a mutation identical to one found in a Li-Fraumeni family 
(codon 245, Gly^Ai^) and did not bind HSP in the breast 
cancer. This might escplain why many of these patients 
can reach young adulthood before manifesting the 
dharacteristic mali^mncles of the syndrome despite 
30- having germ-line p53 mutations. 

BCAMPLE2 

The following presents an immunoassay 'method 
for detecting the presence of p53 autoantibody in a 
patient' s biological fluid, such as sesnm. ' This 
35 immunoassay method will be called the primary assay. 



Also presented is a iiiodif led version of tlie pr Jjiiatry asisay 
. '■A/ ^diich functions. as a Qonfixmatory tes^ and viXl be called 
the confitnatory assay* A sample which Irested positive 
for p53 autoantibodies by the priaiary assay can be 
5 retested by the confirmatory assay to determine whether 
the sample is a true positive or a false positive. l!be 
g^ercJL methods for conducting these assays, such as 
semdwich eissays and competitive assays, are loiown to one 
slcHled in the art* In the specific instance of this 

10 inventionr the primary assay has two essentic^ 
cQiDponentsr (X) solid phase bound p53 antigens (herein 
designated p53S} , and (2) labelled anti3x>dies directed to 
human immunoglobulins. The confirmatory assay includes 
. tbB two conponents in the primary assay plus a third 

15 componenti free (i.e. non^solid phase bound) cQiBpeting 
p53 antigens (herein designated p53C) . 

Potential candidates for both p53S and p53C eure 
wildtype. or mutant full length native or recombinant p53 
proteins and fragments thereof. Preferably, the 

20 fragments are natural, recombinant, or chaotically 
synthesized polyp^tides or pi^tides . that are 
predominantly, recognised by p53 atitoantibodies. For 
example, tibese: p53 proteins or fragments can be obtained 
trcm crude cell extracts or purified from naturzLLly 

25 occurring or recombinanit cells or cell lines. Sxanqdles 
of the sources for p53 proteins are canc^ derived cell 
lines expressing different forms of mutant p53 proteins. 
For example, in the confirmatory assay descnribed below 
uxKier the sectiont * tl. CONFIRMATORY ASSAY USING THE EIA 

30 FORMAy > inhibition of p53 autoem-tibody binding was 
observed with an extract of ;SH62a cells trtxich provided 
p53C. Another source of p53C is thB ^1^470 cell line 
(designated A35DC HZB .133, available trom the Ameri^san 
TypQL culture collection), irtiich was derived, from a breast 

35 tumor and esg^resses a. mutant p53 protein in which a 
phenylalanine residue has been substituted for a' leucine 
residue at codon \ 194. p53C has the additional 
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requirement that it must Aot contain the cnrossreactive 
^itopes further described below with regard to p53S. 

TtkB solid phase which binds the p53S can be any 
of those used for immunoassays. They include natural and 
5 synthetic polymers, gels, and particles. The polymers can 
be cellulose or cellulose derivatives, fiberglass, and 
vinyl chloride. Labelled anti-human immunoglobulin 
antibodies are commercially available or can be made by 
one sicilled in the art. The antibodies can be labelled 
10 with enzymatic, radioactive, fluorescent, or chemical 
labels. 

In the primary assay, the patient's biologicai 
fluid is incubated over the solid phase, to which the 
p53S have been bound. The incubation period should be 

15 sufficiently long to allow the binding of the solid i^se 
bound p53S to any anti-p53 autoantibody (herein 
designated ap53) that may be present in the patient 
sample to form a solid phase comply of { (p53S) (dp53) } . 
Next, the unbound reagents are separated, e.g. the 

20 unbound reagents are dissolved in em aqueous medium and 
washed away from the solid phase, leaving behind the 
complex of ((p53S) (ap53)) bound to the solid phase. 
Next, the solid phase is incubated with labelled 
anti-human immunoglobulin antibodies (herein designated 

25 ^^dlgG) for a suf f icient . time to form the complex ((p53S) 
(ap53) (*dlg6)} whicA is bound to the solid phase, for 
patient saii^>les containing p53 autoantibodies. This is 
followed by another separation step to remove the unbound 
reagents, leaving behind the solid phase bound { (p53S) 

30 (dp53) (*aig6) ) complex. The formation of the complex is 
detected by the label on the anti-human immunoglobulin 
antdU>odies. Thus, the formation of the {(p53S) (dp53) 
(♦aigG) ) COTplex is directly proportional to the amount 
of p53 autoantibodies in the patient's serum. 

35 It is to be noted that instead of having two 

incubation and wash steps (two-step assay) , d single 
incubation and wash step (one-step assay) is also 
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possible by sioKtllraxieoasly incubating the solid phase 
boond p53S, the *dlC|^ and the patient^s saEinpXe for a 
period suff ibient for the fcunnation of the fiolid ^se 
bound { (p53S) (dp53) C*dlg6) ) complex bef oire washing off 
5 the unbound reagents and detecting the presence of the 
coioplex* Farther, in both the one-ste^ and two-step 
assays, one can also determine the amount of the 
remaining unbound *dXg6, ^diicih would be inversely 
proportional to the presence of the p53 autoantibodies in 

10 a patient's sample. 

If a patient's sample tests positive in the 
primary assay, it may be retested in the confirmatory 
assay, Xf the sample contadns autoantibodies ^^eciflc to 
p53 antigen, it will be idcoitlfied as a true positive by 

15 the confirmatory assay. . Likewise, if the saaqple contedns 
antibodies which are not spi»cif ic to p53 antigens but 
crossreact with p53S, It will be identified as a false 
positive by the confirmatory assay;^ The immunoglobulins 
in a patient's sample could crossrieact with p53S for two 

20 reasons: l) by its nature, the ;p53S used may contain 
crossreactive ^itppes, e.g. , a ^icdmbinant p53 protein 
may contain artificially introducisd extraneous hon-p53 
stru c tu res (idiich facilitate the regulation, expression, 
or recovery of the p53 protein in cell culture 

25 productions) to which the patient's immunogldbtains bind; 
or 2) the binding of p53S to l^e solid phase may alter 
the structure of p53S such as to create crossreactive 
epitopes idiicdi are not natural to a p53 antigen. 

The conf irmatcncy assay is pei^ormed similarly 
' 30 to the primary assay except thai; the patient's sample is 
also incubated with the free competing p53 antigens (i«e. 
p53C) » The patient s sanple would be tested in two 
dcq^licate tests whicdi are similar in all respects except 
that the first test contains p53C idiereas the. second test 

35 does not (the latter s^nres as the negative control). 
Zbtts, the ^cond test can be the ssqiie ajST the* primary 
assay except that in the confirmatory assay, this second 
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test is ran side-by-side with the first test. 
Alternatively, the second test can contain a control 
protein, cell extract, polypeptide, or peptide which does 
not cross-react with p53 autoantibodies* This protein, 
5 cell' extract, polypeptide, or peptide will not be p53 
protein or fragments thereof nor resemble p53 protein or 
fragments thereof such as would cross-react with p53 
autoantibodies* Preferably, the form of the control, be 
it protein, cell extract, polypeptide, or peptide, is the 
10 same as the form used for p53C in the first test. That 
is, if the first test uses a p53 peptide fragment or a 
full length p53 as p53C, the second test vill use a 
peptide fragment or a protein of equal length which is 
-unrelated to p53* Similarly, if the first test uses a 
15 cell extract which contains p53 proteins as a source of 
p53C, the second test would use a cell extract which 
does not contain p53 proteins, as shown in the example 
below. In the first test, the patient" s sasiple is 
praiiixed with p53C and then incubated with p53s/ The 
: 20 p53C mcust not contain the crossreactive epitc^es 
described , above with regard to p53S. A source of p53C 
may therefore be a human cell line \ghidh produces high 
levels of native (be they wildl^pe or mutant) p53 
antigens. One such cell line is SW620. Daring the 
25 incubation with p53S, the p53C would compete with the 
solid phase bound p53S for binding to the autoantibody 
specific for p53 antigens. The p53C would not compete 
with the solid phase bound p53S for binding to 
immunoglobulin crossreactive with p53S. it will be noted 
30 that the p53C should be used in an aniount wtaich would 
optimally inhibit the formation of the ((p53S). (dp53) 
(*dlg6) ) conplex. In the case of the confirmatory assay 
described herein, this amount could be determined, for 
example, by running the confirmatory first and second 
35 tests using patient samples ^ich are known to contain 
p53 specific autoantibodies (the latter can be 
determined, for example, by immunoprecipitationi described 
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in Bkaople 1) and comparing the results from the first 
and second tests* A 50 to lo6% inhibition is preferred* 

In the second test, tbB patimt's sample is 
incubated with p53S in the absence of p53C» Zhi&f test 
5 serves as the negative control* If the patient's sanple 
OTntains autoantibod7 specific for the p53 antigen, the 
first test (^^ch contains p53cy will have reduced 
foiSKation of { (p53S) (dp53) (*dIgG) } complex as compared 
to its negative control counterpeurt emd the sample will 
10 be identified as a true positive. If the patient's 
saniple contains isimunoglobulin crossreactlve with p53S, 
the first test will not have reduced fbnaation of the 
oooq^lex as compared to its negative control counterpart . 
' and the sasqple vill be idelitif ied as a false positive* 
15 Further, the confirmatory assay can be run 

alone, without ^e primary assay, to identify a patient' s 
sample as a ■'true positive" for p53 autoahtibo^* 

The above discussion and the following detailed 
description also show that if the solid phase bound p53S 
2.0 does not have epitopes V^diich wbuXd cross-react with 
imDunoglobulins that are not specific for p53 antigens, 
then the primieury assay can be successfully used with this 
p53S without having to run a confinatozy assay* 

Baving described the. prinary and confirmatory 
25 assays in general, the following are specific examples of 
the assays as used in an en^syme imonunoassay {BIA) format* 

I* PRTMAI^Y ASSAY TO R p53 MrPOAHTrBbPY USING THE KIA 

(1) 3^imiulonf-4 microtiter plates (Dynatecdi 
Laboratories, mc*, Chsmtilly, VA> were coated with 100 
fil of coating solution per well at 376 for 2 hours. The 
coating solution contained 0*2 ftg/wl recombinant human 
wild type p53 protein in 0*05 H sodium 
bicarbonate/carbonate, pE 9,4* The recombinant p53 binds 
mmbcional antibodies PAblSOX, PAb240, and' PAb421 
(catalog Htimbers Ab--2, Ab-3, and Ab-l, respectlv^y, from 



30 



35 
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Oncogene Sciences, inc. , Uniondale, N.Y), After the 
coating incubation, the veils vere vash^ three times 
with vash buffer (0.05% Tweeh-20, 0«01% SDS, and 0.01% 
Thlnerosal in phoq^Aiate buffered saline (PBS)) • Then the 
5 veils vere overcoated vith 200 fil per veil of 1% bovine 
serum albumin (BSA) in 0*01 H sodium 
bicarbonate/carbonate, pH 9.4 for 1 hour at 37* C. After 
the overcoating step, the veils vere vashed as described 
above. 

10 (2) To the veils vere then added 100 /tl of 

serum specimens ^diich had been diluted 1000 fold in 
specimen diluent. Hiese serum specimens vere from 
patients vith no clinical synqptoms, patients vith beni^ 
conditions, and patients vith various cancers.. The 

15 specimen diluent vas at pH 6.8 and contained PBS and Tris 
as buffers; ethylene glycol-bis (/9-aminoethyl ether) -N, H, 
N», N • -tetraacet ic acid (B6TA) and 
ethylenediaminetetraacetic acid (EDTA) as metal 
chelators; Tveen 20 as detergent to minimize nonspecific 

20 binddLng of human immunoglobulins; sodium azide as 
preservative; fetal calf serum and normal goat serum as 
protein 8tab;lli3er8 and to minimize noni^ecific binding. 
Bach dilut«l specimen vas tested in r^licate. Also, 
replicate veils vere loaded vith 100 /il of specimen 

25 diluent only ^diich %rould yield *>bac]cground" signal, 100 
fil of a lov positive control, and 100 iil of a hi^ 
positive central. The posfitive controls vere dedicated 
serum specimens positive for p53 autoantibody vhich had 
been diluted in specimen diluent to yield a "lov" 

30 positive value and a "high" positive value, respectively, 
in the BIA. After all sanqples had been loaded in veils, 
the plate vas covered and incubated ovemi^t (16 to 18 
hrs.) at room temperature. 

(3) After the overnight incubation, the veils 

35 vere vashed four times vith vash buffer. The veils vere 
then loaded vith 100 jil of conjugate solution. The 
conjugate solution vas 0.2 /tg/ml of goat anti-human IgG 
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(H+L) -borseradi^ peroxidaise cbnjvigate (O^-talog Number 
04-10-06, Klrkegaard & Peri?) in a cohjugaLbs^ diluent 6£ 
pH 7«2« lihe conjugate diluent contained EB& and HESBS as 
buffers; ben^l ^ccAol as preservative; Trition x lOD as 
5 a detergent; fetal calt serum and normal goat serum as 
protein stabilizers and to minimize nonspecific binding. 

1!be plates were incubated 2 hrs. at 3^7* C. 
After the conjugate incubation^ the veils were vashed 
four times as described above* 

IQ (4> After vashing, the veils vere loaded with 

100 ftX of. OPD fophenylenediamine-2HCl) substrate 
solution* OSxe OPD substrate solution vas prepared by 
dissolving one OPD t^let (In Vitro Test No. 7181S, 
Abbott Laboratories, Abbott Park, TL) per 5 mis* of 

15 diluent for- OPD (X^ Vitro !Fest No* 5695, Abbott 
laboratories, Abbott Park, Plates vere incubated in 

the dark at rcMm temperature for 30 isins«. after which lOp 
/il of 1 N sulfuric acid |vere added per well * She 
eibsorbances of the wells were read at 492 nut using the 

20 Hicroplate Autorecuier (#£L310, Bio-Tek Instruments |. 
Burlington, VT}* 

(5) Averages of replicate absorbance values 
for each sample were calculated. The average 
"background" sicptial was subtsracted from ea^ sample 

25 average signal to correct for background absorbance* The 
corrected sample absorfoances were, divided- by the 
corrected absorbance of the low positive control. Obese 
results yielded the p53 autoantibody values in units/ml 
of the serum specimens tested at a 1000-fold dilution. 

30 S^rum specimens which/ . at a 1000-fold dilution, yielded 
an off*-^scale reading were further diluted to give 
cm-scale readings, and the readings were readjusted to 
reflect, the units/ml values for a iooo-fqld dilution. ' 

(6) A cutoff value of; 0*427 units/ml was 
35 established for the peimacr assay ^diidh is the mean plus 

four standard deviations of 73 normal serum specimens. 
9erum specimens yielding values equal to or greater than 
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0.427 lixiits/nl vere scored positive for p53 autoantibody, 
and the result of the swsays is shown in Vable 2 as 
follows: 
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\^ 1 


TOTAL TESTED 


# PMITIVE FOR 
P53 AU1DAB 


X POSITIVE FOR 
P53 AUTQAB 




WtRHALS 1 


73 


0 


0 




BEHIGN GONDltlOHS 


— 




Lung Benigns 


26 


3 


11.5 




Pneifflionia 


ZO 


0 


A 
W 




Llpemic 


12 


I 


A 9 




Rheumatoid 
Factor 


38 


2 




10 


**GI Bmf gn 


26 


2 . 






Ulcerative 
colitis 


20 


0 


0 




Cirrhosis 


12 


0 


0 




Diverticulitis 


10 


0 


0 




Pancreatitis 


10 


0 


•0 




MALIGNANCIES 










Colon Cancer, 
ucA ivegauive 


84 


13 


15.5 


20 


Colon Cancer, 
CEA Positive 


57 


17 


29.8 




Gastric Cancer 


29 


4 






Lung 

Adenocarcinoma 


59 


11 


18.6 


25 


[small Cell 
Lung Cancer 


52 


12 


23.1 




Breast Cancer 


66 


7 


10.6 




Ovarian Cancer 


43 


8 


18.6 




Head & Necic 
Cancer 


44 


f 


15.9 


30 


Prostate 
Cancer 




7 


15.2 



*Autoab denotes autoantibodies 
**GI denotes gastrointestinal. 
Positive specimens ranged frm 0«433 to 761 units/ml. 
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The cutoff values in future assays may be 
different, depending on the number of normal sei» tested: 
and the population from idiich such normal sera are dra«!n. 
Kreferablyr increased number of normal sera are used, and 
5 the sera are obtained from normal individuals who are 
reprasentative of the patient population tested* Figure 
4 shovs an exsaaple of p53 autoantibody values for a 
population of 34 normal individuals, 50 colon cancer, 43 
lung cancer, and 32 breast cancer patients. In this 
10 specimen peculation, positive p53 autoantibody values 
ranged frooa just above the 0.427 units/ml cutoff value to 
8.2 units/ml. 

II. COWFtRH^TGRY ASSAY USING THE KIA TORMAT 
(1) Serum specimens idiich tested positive for p53 

15 autoantibody in the primary assay described above were 
subjected to testing, in the confirmatory assay. The 
confirmation assay procedure was essentially the same as 
that of the above EIA primsury assay except for the 
preparation of the serum specimen (in step 2 of the above 

20 priinary assay. ) . Tlie seriim specimen was diluted lOpp 
fold asi described but added to it was a canceir cell line 
eactract at a final concentration of 2 mg/ml extract 
protein. Ba^ serum specimen, including the low and hig^ 
. positive controls, was tested this way in the presence of 

25 each of two different cell extracts. One cell extract 
was prepared from SW620 cells (Leibovitz, et al.. Cancer 
Res. 36:4562 - 4569 (1976)? the cell line has been 
deposited and designated ATCC CCL 227, available from 
American Type Culture Collection, Rockville, MP) . This 

2ro cell line was derived from lymph node metastasis of a 
primary cplon cancer and expresses a mutant p53 protiein 
in idiich a histidine residue has been substituted for m 
arginine residue at codon 273. The other extract was 
prepared from Saos-2 cells (designated ATCC HTB85, 

35 available from American Type Culture Collection, 
Rockville, MD) . This cell line was derived from 
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osteosarcoma, and it does not e^qpress any p53 protein 
because both p53 . genes have been deleted* 

(2) The above cell ex tr a cts were prepeured as 
follows: Freshly grown cells were washed three times in 

5 cold ]?BS. Washed cells were suspended in cold lysis 
buffer at 50 X 10^ cells/ial* (Lysis buffer is 50 stf 
Tris-HCl, pH 7.2, 5 m EIXE&, 15Q ndK HaCl, 0.5% Konidet 
P-40 commercially available from Sigma Chemical 

Company I, St- Louis,, M0>, l nM phenylmethylsulfox^l 

10 fluoride (EMSF) , l fig/ml aprotinin, 1 lJt>q/JstL leiqpeptin, 5 
7M NaF, and l hiM; Ka304V*> a!he cellular suspension was 
soxiicated for 15 sec. and then c^ntrifuged at 100,000 X 
g for 1 hr* . Supernatants were carefully removed and 
used as tiie cell extracts. * Protein of the extracts were 

X5 determined via the Bradford protein method (Catalog 
mimber 500-0006,. Bio«-Sad Laboratories, RLcfamdnd, Ok) . 

(3) !Che diluted serum specimen in the presence 
of celi extract was loaded in the wells and the F TA was 
taken to completion as described above for the primary 

20. assay (i;e. from steps 2 through 4 of the primary 
assay.) . The principle of the confiiaiation KEA is that 
if the serum specimen contains autoantibody specific to 
p53, the SW620 extract will significantly decrease the 
BIA value conpajred to the S2Lps-2 extiract. It is the 

2S mutant p53 protein in the SW620 extract vhich will 
specifically inhibit binding of the p53 autoantibody to 
the recombinant p53 protein coated on the wells. The 
Saos-2 extract will have no effect because it contains no 
p53 protein to cpi^te. for autoantibody binding to the 

30 recombinant p53 protein coated on the wells. If the 
serum specimen contains imounoglobulins which crossreact 
with the recombinant p53 protein coated on the wells, the 
SfV620 extract will not significantly decrease the EIA 
value compared to the.Saos-2 extract. 

35 (4) After the confirmation SIA was run, the 

p53 autoantibody values in units/ml for eadh serum 
specimen tested in. the presence of the SW620 and Saos-2 
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extracts %rere calculated aa described above in step 5 of 
the primary assay • One modification was that all of the 
corrected saiople absorbances were divided by the 
corrected absorit>ance of the lev positive control tested 
5 in the presence of Saos-2 extract to yield units/ml p53 
autoantibody. For each serum specimen the units/ml p53 
autosmtibody value in the presence of SW620 extract was 
subtracted frcm the units/ml p53 autoantibody value in 
the presence of SaQs-2 extract. l!his difference was 

10 divided by the serum specimen's units/ml p53 autoantibody 
value in the presence of Saos-2 extract and multiplied by 
100 to yield % inhibition. A serum q^ecimen is scored a 
true positive for p53 autoantibody if 50 to 100%* 
inhibition was observed. Table 3 summarizes the results 

15 of confirmatory assays of specimens which initially 
tested positive: 



Table 3 



1 SPECIHENS 


TOTAL TESTED 
IN 

CONFIRMATORTY 


# CONFIRNED 
TRUE POSITIVE 


# CONFIRNED 
FALSE POSITIVE 


1 BENIBN CONDITIO 


NS 






Lung Benigns 


2 


0 


2 


Lipenlc 


I 


0 


1 


Rheinatold 
Factor 


1 


0 


1 


61 Bleed 


2 


0 


2 


HALIGNANCIES 






Colon Cancer 


27 . 


25 


2 


Gastric Cancer 


4 


4 


0 


Lung 

Menocarclnona 


13 


12 


1 


snail Cell 

B Lung Cancer 


8 


8 


0 


Breast Cancer 


7 


6 


1 


Ovarian Cancer 


7 


7 
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ScHiie serum speciTOns when tested in the coitf Iroiatory 
assi^ shoned 30 to 50% Inhibition. This range of inhibition will 
require further stud|/ to determine if it is indicative of specific 
p53 autoantibody* 

5 Figure 5 shows the results of the confirmatory EIA for 

several individual specimens irtiich, except for the normal specimen, 
had tested positive in the primary assay for p53 autoantibodfy* The 
two benign specimens shown, a lung benign and a 61 benign, gave p53 
autoantibody values of 1.32 and 1.136 unlts/nl respectively in the 

10 presence of Saos-2 extract. These values were not reduced in the 
presence of $H620 extract thus identifying them as false positives. 
In contrast the values of the three cancer specimens in the presence* 
of SII620 extract were significantly reduced as indicated by the 
percentage reduction which, prove that they were true positives. 

-15 The foregoing examples are illustrative of the present 

invention, and are not to be construed as limiting thereof. The 
invention is defined by the following claims, with equivalents of the 
claims to be included therein. 
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HMT UnCH IS CUUHED IS: 

I. A method of classifying tumor cells for the ability 
to produce serum p53 autoantibodies in a patimt carrying such tUMor- 
cells; comprising: 
5 collecting a sample of tumor cells from said patieiit; and 

then 

detecting the presence of a complex in said tumor cells; 
said complex comprised of the p53 protein and a 70 kilodalton heat 
shock protein (hsp70); 
10 the presence of said complex indicating said timior cells 

are capable of eliciting serum p53 autoantibodies in said patient. 



2. A method according to claim 1, wherein said detecting 
step is carried out by coinmunoprecipitation. 

3. A method according to claim 1, wherein said detecting 
15 step is carried out concurrently with or after the step of removing 

said tumor fnm said subject. 

4. A wthod according to claim 1, wherein said detecting 
step is carried out to determine the pr^ence of tumor cells before 
treating the patient for said tumor. 

20 5. A method according to clalm J, wherein said detecting 

step Is followed by the step of monitoring said patient for the 
appearance of serum p53 autoantibodies, the appearance of said 
autoantibodies Indicating the growth of said tumor cells in said 
subject. 

25 6. A method according to claim 1, wherein said tumor 

cells are of epithelial origin. 
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7- A inethdd according to claim Iv wherein said tuBor 
C6l1s are selected frcm the group consisting of colo-*recta1 , 1ung» 
breast, and ovarian cancer tumor cells* 

8« A method of diagnosing a tumor in a patient by 
5 detecting turor cells expressing a mutant p53 protein capable of 
forming a complex with a 70 Miodalton heat shock protein (hsp70) in 
said cells in a patient » the method comprising: 

collecting a sample of biological fluid from said 
patient; and^ then 

10 detecting p53 autoantibodies in said biological fluid;, 

the presence of pSa autoantibodies tn said biological fluid 
indicating said tumor cells, contain a mutant p53 protein capable of 
" forming a conqilex irttb hsp70. 

9^ A method according to claim 8, wherein said 
15 biological fluid is selected from the group consisting of serum, 
bipod plassa, and ascites fluid* 

10* A method according to claim 8, wherein said 
biological fluid is selected from the group consisting of serum and 
blood plasma. 

20 11* A method according to claim 8, wherein said tumor 

cells are selected from the group consisting of colo-^rectal, lung, 
breast, and ovarian cancer tumor cells* 

12* A method according to claim 8, wherein said timior 
cells are breast cancer tumor cells* . 

25 13. A method according to claim 8, wherein said patient 

has previously been diagnosed as carrying said tumor cells* 



14* A Kthod according to claim 8, wherein said patient 
has previously been diagiHHed as carrying said tunor cells and 
ondergohe treatment to reduce the nund^er of said ttosor cells* 
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IS. A ttethod adcoirding to cUIn 8, wherein said 
detecting stq> Is carried out by an assaiy selected from the group 
consisting of radioiraminoassay, innunofluorescence ass^, and ens^yme 
inmunoassay. 

5 16. A mthod of distinguishing tumor cells capable of 

causing more aggressive disease in a patient carrying twnor cells, 
the method comprising: 

collecting a sample of biological fluid from said 
patient; and then 

10 detecting p53 autoantibodies in said biological fluid, 

the presence of p53 autoantibodies in said biological fluid 
indicating said tumor cells have greater tumorigenic potential and 
are capable of causing more aggressive disease. 

17. A method according to claim 16, wherein said 
15 biological flUid is selected from the group consisting of serum, 

blood plasma, and ascites fluid. 

18. A method according to claim 16, wherein said 
biological fluid is selected from the group consisting of serum and 
blood plasma. 

20 19. A method according to claim 16, wherein said tumor 

cells are selected from the group consisting of colo-rectal, lung, 
breast, and ovarian cancer tumor cells. 

20. A method according to claim 16, wherein said patient 
has previously been diagnosed as carrying said tumor cells. 

25 21. A method according to claim 16, wherein said patient 

has previously been diagnosed as carrying said tumor cells and 
undergone treatment to reduce the number of said tumor cells. 

22. A method according to claim 16, wherein said 
detecting step is carried out by an assay selected from the group 
30 consisting of radioimmunoassay* immunofluorescence assay, and enzyme 
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23w A nethod of detectliig the riKurrence df disease in 
a patient previously diagnosed as carrying tuaor eel Is, which patient 
has previously undergone treatment to reduce the nunber of said tumr 
5 cellSy comprising: 

collecting a sample of biological fluid from said 
patient; and then 

detecting p53 autoantibodies In said biological fluid, 
the presence of p53 autoantibodies In said biological fluid 
10 indicating that the nunriber of said timior cells in said patient has 
Increased. 

24. A method according to claim wherein said 
treatment is effective to reduce the amount of p^ autoantibodies in 
said biological fluid. 

15 25* A method according to claim 23, wherein said 

collecting step is repeated on a jiluratity of occasions to provide 
continued monitoring for the recurrence of disease. 

ZS. A methG4 according to claim 23, wherein said 
collecting step is carried out at least six weeks after said 
20 treatment. 
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Z7. A method according to claim 23 , wherein said 
collecting step is carried out at least sfx months after said 
treatment. 

28. A method according to claim 23, further ccmiprising 
5 the step of detecting p53 autoantibodies in said patient prior to 

said treatment. 

29. A method according to claim 23, wherein said tumor 
cells contain a mutant p53 protein capable of forming a complex with 
a 70 kilodalton heat shock protein in said cells. 

10 30. A method according to claim 23, wherein said 

biological fluid is selected from the group consisting of serum, 
blood plasma, and ascites fluid. 

31. A method according to claim 23, wherein said 
biological fluid is selected from the group consisting of serum and 

15 blood plasma. 

32. A method according to claim 23, wherein said tumor 
cells are selected from the group consisting of colo-rectal, lung, 
breast, and ovarian cancer tumor cells. 

33. A method according to claim 23, wherein said 
20 detecting step is carried out by an assay selected from the group 

consisting of radioimmunoassay, immunofluorescence assays and enzyme 
immunoassay. 
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34. A prognostic method for detecting aggressive disease 
in a patient not previously diagnosed as carrying tumor cells^ 
Gcnnprising: 

collecting a biological saisple from said patient; and 

5 thwi 

detecting p53 autoantibodies iti said biological sample^ 
the presence of p53 autoantibodies in said biological sample 
indicating that said patient harbors a more asressive form of tumor. 

3S^ A method according to claim 34, wherein said 
10 biological sample is selected from the group consisting of sennsj 
blood plasma, ascites fluid and tissue. 

36. A method according to claim 34, Wherein said 
biological saiqple is selected from th& group consisting of serum and 
blood plasma. . . 

15 37. A method accordinis to claiof 34, wherein said tumor 

cells are selected from the group consisting of colo-rectal, long, 
breast, and ovarian cancer tumor cells^ X 

38. A method according to claim 34, wherein said 
detecting step is carried out by an ass^ selected from, the group 
20 consisting of radioiinmuhoassay, immunofluorescence assi^, and enzyme 
immunoassaof* 

39* A diagnostic method for detecting cancer in a 
patient, cosprising: 

collecting a biological saoq^le from. sai4 patient; and 

25 then 

detecting. pS3 autoantibodies in said biological saq>le, 
the presence of p53 autoantibodies in said biological sample 
indicating that said patient harbors tumor cells. 

40.. A toethod according to claim 39, wherein said 
30 biological sample is selected fnmi the group consisting 'of serum, 
blood plasma, ascites fluid, and tissue. 
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41. A method according to claim 39, nherelii said 
biological sample Is selected from the group consisting of serum and 
blood plasma. 

42. A method according to claim 39» wherein said tumor 
5 cells are selected from the group consisting of colo^rectal, lung, 

breast, and ovarian cancer timor cells. 

43. A method according to claim 39, wherein said 
detecting step Is carried out by an assay selected from the group 
consisting of radioimmunoassay, imnunofluorescence assay* and enzyme 

10 iiMunoass^. 

44. A method according to claim 39, wherein the presence 
of said p53 autoantibodies indicates that the patient has a more 
aggressive form of ttORor than a patient diagnosed to have tumor 
caused by p53 mutation but which mutant p53 does not elicit p53 

V 15 a^^ 



45. A mthod of evaluating the aggressiveness of a 
tancer by assaying for p53 autoantibody in a patient, the presence 
of the p53 autoantibody Indicatinig a more aggressive cancer. 
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46* An Insninoassay for quantifying p53 autaantibocbr 
(dp53> In a human biological fluid sample, cdmprfsihg the steps of: 

(a) conducting a first test in which the sample U 
exposed to a solid phase bound p53 antigen (p53Sh in anti-human 

5 immunoglobulin antibody (dlgfi>t and a free p53 antigen (p53C) for a 
sufficient time to allon for the foimation of a cooqiTex comprising 
{(p53S> (dp53} (dlg6)}v wherein the p53C does not cross-react with 
himian immunoglobulin not specific to a p53 protein; 

(b) measuring the amount of the {(p53S) (dp53) (dlg6» 

10 conqilex; 

(c) conductiiKi a second test in which the sample is 
exposed to the solid phase bound p53 antigen (p53S) and the 
anti^human immunoglobulin (dIgB), in the absence of the free pS3 
antigen (p53C), for a sufficient time to allow for the formation of 

15 a complex comprising {(p53S) (dp53) (digfi)}; and 

(d) measuring the amount of the {(p53S) <d|p53) (dlg6)} 
ccmqplex in step (c) and cmqparing this amount with that of step (b). 

47. An immunoassay for detecting or quantifying p53 
autoantibody (dp53) in a human biological fluid sample/ comprising 

/ .20 the steps of: 

(a> exposing the saflqile to a solid phase bound p53 
antigen (p53S), and an anti-human isnionoglobolin antibody (dIgG) for 
a sufficient tfme to allow for the formation of a complek comprising 
. {Cp53S) (dp53) (digfi)} and ineasoring the amount of this complex; 
25 (by if the amount of the {(pS3S> (dpS3> (dlgfi)) complex 

is above a certatin cut-off level, exposing the sample to the solid 
phase bound p53 antigen (p53S)^ the anti-human immunoglobulin 
antibody (9IgG)f and a freep53 (p53C) for a sufficient time to allow 
for the forrotion of a coiq>1ex comprising {(p53S) (dp53) (dlgS)}, 
30 wherein the p53C does not cross-react with human inmninoglobulin not 
specific to p53 protein. 

48. The immunoasss^ of claim 47, further comprising the 
stqi of: * 

measuring the. anKnint of the {(p53S) Op53> (dlgG)} 
35 complex in step (b), and comparing this amount with that of step (a). 
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49. The IniDunoassay of claim 47 further cwivriising the 

steps of: 

(c) conducting a second test simultaneously with the 
test in step (b), in which the sample in the second test is exposed 

5 to the solid phase bound p53 antigen (p53S), the anti-human 
imunoglobulin (dlge)» in the absence of the free p53 antigen (p53C)» 
for a sufficient time to allow for the formation of a complex 
comprising {(p53S) (dp53) (dIgG)}; and 

(d) measuring the amounts of the {(p53S) (dp53) (dIgG)} 
10 complexes in steps (b) and (c) and comparing these amounts. 

50. The immunoassay of claim 4fr, wherein the p53S aid 
p$3C are selected from the group consisting of: wildtype or mutant' 
full length native or recombinant p53 proteins and native, 
recombinant, or chemically synthesized polypeptide or peptide 

15 fragments of p53 proteins that are predominantly recognized p53 
autoantibody. 

51. The imduinoassay of claim 50, wherein the p53C is 
obtai ned from a natural ly occurring eel 1 or eel 1 1 1 ne whi ch expresses 
a wildtype or mtant p53 protein^ 

20 52. The immunoassi^ of claim 50, wherein the p53C is 

produced by cell line SW620 or T-47D. 

53. The immunoassay of claim 52, wherein the p53S is a 
recombinant wildtype p53. 

54. The immunoassay of claim 46, wherein: 
25 (a) the dIgG is labelled for detecl^ion; 

(b) the p53S and p53C are either Incubated with the 
sample simultaneously or sequentially, either p53S or p53C can be 
incubated before the other; 

(c) the meaurement of the {(p53S) (dp53) (dIgG)} coflq>tex 
3Q is conducted after a separation step in which the non-complexed dp53, 

p53C, and dIgG have been separated from the {(p53S) (dp53) (dIgG)} 
cmplex. 
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55. The iBnmmoassay of claim 46, wherein the biological 
fluid U selected from the group consisting of: serum, blood plasma, 
and ascite fluid. 

56* The immunoassi^ of claim 49, wherefn: 
5 (a) the dIgS is labelled for detection; 

' (b) the p53S and pQC are. either incubated with the 
sanqile simultaneously or sequentially, either p^S or .p53C can be 
incidiated before the other; 

(c) the meaurement of the {(p53$} (dp53) (dIgG)} complex 
10 15 conducted after a separation step in which the non-coiqilexed dp53, 
p53C, and dIgG have been separated from the {(p53S> (dp53) (dIgG)}. 
complex. 

57. An immunoassay for the detection of cancer* 
oAfirising. the steps of: 
15 (a> obtaining a biological fluid saqile from a patient 

suspected of having cancer; 

(b) exposing the sample to a solid phase bound p53 
antigen (p53S), and an anti-human immunoglobulin antibody (dIgG) for 
a sufficient time to allow for the formation of a coiq>lex cmprising 

20 {(p53S) (dp53) (dIgG)}» wherein the p53S does not cross-react with 
human iiummoglobulin not specific to p53; and 

(c) measuring the amount of the {(p53S) (dp53} (dIgG)} 

. 58. The immnnoass^ of claim 57, wherein: 
25 (a) the dIgG is labelled for detection; and 

(b) tbia meaurement of the {(p53S) idpSi) (dlgG)} complex 
is conducted after a separation step in which the non-complexed dp53 
and dIgG have been separated.from the {(pK$> (dp53) (dlgfi)}. coiq>lex. 

59. The immunoassay of claim 58, wherein the biological 
30 fluid is selected from the group consisting of: serum, blood plasma, 
and ascite fluid. 
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